Abstract: Problem statement: Numerous trials have been conducted to compare the body growth curves and hence growth rates relying on smoothing and modeling different growth curves using different parameter values for the same model. This study aimed to construct a test of the equality of two percentile growth curves and of a set of percentile growth curves from two independent populations regardless of the shape of these curves. Currently available tests allow us to make a decision on one group. Making a decision regarding the whole curve necessitates building new tests. Approach: This study developed two tests of the equality of two growth curves based on the concept of the precedence and the chi-square tests and a test of the equality of a set of growth curves. The Monte Carlo simulation technique was used to investigate the power of the three tests under a shift in the location parameter and under a shift in the scale parameter of the normal and gamma distributions. The tests were applied to the weight-for-age percentile growth curves of Egyptian regions. Results: The curve precedence test is more powerful than the curve chi-square test in testing the equality of growth curves under a shift in the location parameter of both the normal and gamma distributions. It is also more powerful than the curve chi-square test in testing the equality of growth curves under a shift in the scale parameter of the gamma distribution and in testing equality of growth curves with high ranks under a shift in the scale parameter of the normal distribution. Applying the new tests to the weight-for-age growth curves of the two Egyptian regions showed that the regions have different growth curves. Conclusion: The new tests are powerful in testing the equality of growth curves. According to them, the two Egyptian regions have different nutritional status.
INTRODUCTION
The percentile growth curve is a tool for presenting the status of different groups (such as age and height) in a population with respect to a certain phenomenon or index. Percentiles reflect the position of the individual's observed value in relation to the values of the other individuals of a particular group in terms of percentage of the values equaled or exceeded (Matthews et al., 2000) . Empirical percentiles can be calculated for each group and plotted on a graph at the midpoint of each group. The plotted points of each percentile are then connected to form the percentile curve.
Growth curves can be obtained using percentiles values or z-score values (Dibley et al., 1987a) . This study focuses on testing the equality of percentile growth curves.
Growth curves were first obtained to monitor and evaluate population or individual growth rates and patterns using anthropometric indicators. They can be used in a variety of fields -e.g., health-to monitor population growth and improvements in these fields. In general, population or individual growth curves could be useful in (Dibley et al., 1987b) :
• Describing the status of the population • Identifying individuals and groups that should be targeted by interventions • Determining and monitoring cases of very low or very high value regarding the phenomenon under study in a certain population by comparing the population growth curves to "ideal" growth curves • Assessing the impact of different interventions on the phenomenon under study by comparing growth curves at different points in time
The comparison of growth curves of different independent populations is a frequently encountered problem, especially in pediatric fields. Looking at the growth curves of different populations is not enough to decide whether they are significantly different. To make such decisions, the equality of the two curves should first be tested. Many trials have been made to compare not only the body growth curves and hence growth rates, of humans but also the growth curves of animals. These trials have relied on smoothing and modeling the different growth curves using different parameter values of the same model. The parameter values of these models are then used to compare the curves.
The main limitations of this approach are the following:
• Handling, smoothing and fitting the appropriate model for the curve is time consuming and effort intensive • Applying the same model to the different curves, even with different parameter values, could prove difficult or impossible • The predicted values of the curve points rather than the actual values are used in smoothing and modeling to compare curves, leading to lack of precision in the results obtained
This study aimed to construct a test of the equality of percentile growth curves. Many nonparametric tests were reviewed to identify an appropriate test. However, the findings showed that currently available tests only allow us to make a decision on one group (e.g., age group). To make a decision regarding the whole curve that reflects the values of several groups, a new test needed to be built. The objectives of this study can be summed up as follows:
• To construct tests of the equality of two percentile growth curves as well as the equality of two sets of growth curves from two independent populations regardless of the shape of these curves (i.e., applying the tests will not necessitate fitting a mathematical model for the curves) • To investigate the performance of the tests by studying the power properties of the tests under different distributions • To construct the weight-for-age growth curves of Egypt and of two regions of Egypt, namely Urban
Governorates and Lower Egypt and Upper Egypt and Frontier Governorates and to apply the tests to the two regions

MATERIALS AND METHODS
This study presents a new test, the curve precedence test, based on the concept of the precedence test, in order to test the equality of two growth curves of two independent populations. To evaluate the performance of the precedence test, another test based on the concept of the chi-square test, curve chi-square test, is presented and the power of the precedence test is compared to the power of this test. The chi-square test was also adapted to test the equality of two sets of growth curves. The Monte-Carlo simulation technique was used to investigate the power properties of the curve chi-square test, the curve precedence test and the adapted chi-square test-referred to as the "curves set chi-square test", or "CS" chi-square test. The simulation aimed at revealing the following aspects:
• The effect of the different distributions on the power of the three tests • The effect of the sample size on the power of the three tests • The values of the shift at which each of the three tests has high powers • The effect of the rank of the percentile on the power of the curve precedence test and curve chisquare test
The power was tested for curves with three age groups. For the curve chi-square test and the curve precedence test, the power was estimated for the 10th percentile curve and the 75th percentile curve. For the curves set "CS" chi-square test, the power was estimated for a set consisting of the 10th percentile curve, the 50th percentile curve and the 90th percentile curve.
The three tests were applied to the most frequently used percentile weight-for-age growth curves of children less than 5 years, namely the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentile curves of Egyptian regions. For the purposes of these tests, Egypt was divided into two regions: Region 1, which includes urban governorates and Lower Egypt and Region 2, which includes Upper Egypt and frontier governorates. The percentile weight-for-age growth curves of children aged less than five in the two regions was obtained and the equality of each pair of growth curves as well as the equality of the two sets of curves was tested.
Curve precedence test:
The curve precedence test is a test of the equality of two growth curves of two independent populations based on the concept of the precedence test. The precedence test is a nonparametric test used in quality control to test whether the lifetime distributions of two independent samples are the same. As stated in (Balakrishnan and Tony Ng, 2006) , the precedence test was first established by Nelson in 1963 and many studies have since proposed alternatives to the test. Precedence-type test is preferred in quality control studies when the units under the test are expensive, as these tests do not require that one wait until all units under the test fail.
In the case of the two samples X's and Y's, the precedence test is based on the number of X's exceeding or preceding a certain quantile of the Y's distribution. The test statistic p (r) is defined as the number of values in the X-sample less than or equal to the r th order statistic of the Y-sample under the null hypothesis H 0 (Balakrishnan and Tony Ng, 2006) .
For each group, the null hypothesis is: 
Where: j = An integer ≤ n 1 n 1 = The X-sample size n 2 = The Y-sample size
The precedence test in its current form could be used to test whether the values of a percentile of a certain group-for example infants aged 12-14 months-in two populations are equal. In this case, the two samples are: Infants aged 12-14 months in population 1 and infants aged 12-14 months in population 2. The test allows us to make a decision regarding one age group. The test needed to be modified to allow us to make a decision concerning a whole curve that consists of multiple groups.
Using the curve precedence test to test the equality of two growth curves, the null hypothesis of the curve is rejected if the summation of the precedence test statistics of the L groups exceeds a critical value. Desu and Raghavarao (2004) stated that, in the case of large samples, the distribution of Z, expressed as:
"can be approximated by the standard normal distribution and this approximation can be used to find approximations to the critical values and the P-values." Using the previous theorem, where L is the number of the groups, for the r th percentile curve:
V r has chi-square distribution with L degrees of freedom.
Curve chi-square test: The curve chi-square test is a test of the equality of two percentile curves from two independent populations using the chi-square test. For each group, the test is built on combining the samples of the two populations in one sample (the combined sample). For a certain percentile curve, the percentile value is calculated for the combined sample of each group. The two populations are considered to have equal percentile curves if the observations of the combined sample in each group that are less than or equal to the percentile value of the group are divided between the two samples in the same proportion with which the whole combined sample of the group is divided between the two samples. Figure 1 presents an illustrative example of the curve chi-square test in a group. The example in Fig. 1 shows that the observations that are less than or equal to the 20th percentile of the combined sample are divided between the two samples in a different proportion than the observations of the whole sample.
For each group, the expected number of observations less than or equal to a certain percentile in the i th sample, i = 1, 2, …, k, (here k = 2) should be equal to the probability that an observation in the combined sample of this group belongs to the i th sample multiplied by the number of observations of the combined sample of the group less than or equal the percentile value. If the expected number of one of the two samples is very different from the observed number, then the two samples do not have equal percentiles. In a certain group, the expected number of observations of a certain percentile curve of the combined sample that belong to one of the two samples has a binomial distribution with parameters n, p j1 .
Let p ji be the probability that an observation in the combined sample of group j belongs to the i th sample, j = 1, 2, …, L, i = 1, 2, X ji be the number of observations of the combined sample of group j less than or equal the percentile value that belong to the i th sample, j = 1, 2, …, L, i = 1, 2 and n j be the number of observations of the combined sample of group j less than or equal the percentile value, j = 1, 2, …, L:
The expected number of observations of group j less than or equal the percentile value in the i th sample is E(X ji ), where:
The discrepancy of the observed number from the expected number is reflected through the squared difference of the observed number from the expected number and is divided by the expected number to put the discrepancies of the different samples and the different groups on equal footing.
Let V j reflect the discrepancies of the observed numbers from the expected numbers in group j, j = 1,2,…,L:
V j has chi-square distribution with k j -1 degrees of freedom (Kapur and Saxena, 2007) .
In our case:
Since k j = 2, then k j -1 = 1 V j has chi-square distribution with 1 degree of freedom. 
Curves set chi-square test:
The curves set test is a test of the equality of two sets of percentile growth curves of two independent populations using the χ 2 test. Each population has a set of percentile curves, with each curve representing a certain percentile curve. The samples of the two populations are combined and the percentiles of the combined sample are determined.
Let y uj be the value of the u th percentile of the combined sample of group j, o uji be the number of the observations of the i th sample of group j greater than y (u-1)j and less than or equal y uj and e uji be the expected number of observations of the i th sample of group j greater than y (u-1)j and less than or equal y uj :
has chi-square distribution with S×L degrees of freedom. If any of the successive percentiles of the same group are equal, the degrees of freedom are decreased by the number of empty categories. Table 1 shows the design of the chi-square curves set test statistic calculations.
Distributions used for the simulation:
The powers of the tests were estimated in the case of symmetric distributions applying to the normal distribution and in the case of skewed distributions applying to the gamma distribution.
The normal distribution and Gamma distribution, among many other distributions, were fitted for the Egypt Demographic and Health Survey (EDHS) weight-for-age data for three age groups: 1-4 months, 5-8 months and 9-12 months using "EasyFit 5.1 Professional". The power was then investigated under the shift in the location parameter as well as under the shift in the scale parameter of each of the two distributions.
Implementation of the Simulation:
The power was tested for each parameter under the shift "k" for different values of k where:
The power was also tested for different sample sizes (n 1 , n 2 ) where: n 1 = The size of the X sample n 2 = The size of the Y sample
The power was tested for the following combinations of sample sizes:
• n 1 = 50, n 2 = 50 • n 1 = 100, n 2 = 100 • n 1 = 500, n 2 = 500 • n 1 = 100, n 2 = 50 • n 1 = 100, n 2 = 80 Number of runs "R" was calculated as follows: Under a 15% coefficient of variation and 0.05 level of significance, R = 844.
The simulation was implemented with R = 500 and R = 1000.
The power was tested under the shift in the location parameter as well as under the shift in the scale parameter through Monte Carlo simulations using "MATLAB R2007b". A program was developed for each of the three tests to: (a) generate a random sample for each of the three age groups from each fitted distribution, the normal distribution and the Gamma distribution with the fitted values of the parameters and (b) calculate the test statistic value. The programs were then tested manually to ensure their correctness.
For each run, SPSS 16 was used to compare the test statistic value of the sample with the tabulated values of chi-square (α = 0.05) and to calculate the power of the test.
Application: Testing the equality of weight-for-age growth curves of Egyptian regions: Anthropometric indices are obtained for use in assessing nutritional status, health status and the impact of health interventions. The most widely used anthropometric indices are weight-for-height, height-for-age and weight-for-age. In this study, the weight-for-age growth curves of children less than 5 years in Egyptian regions were obtained and the three tests applied to them. The tests were applied to the most frequently used percentile growth curves, namely the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentile curves. For the purposes of these tests, Egypt was divided into two regions: Region 1: Urban Governorates and Lower Egypt and Region 2: Upper Egypt and Frontier Governorates. The percentile weight-for-age growth curves of children of the two regions aged less than five were obtained and the equality of each pair of growth curves as well as the equality of the two sets of curves were tested.
The section on child health in the EDHS includes data about child's birth weight, current weight, current height (length/stature) and current age. Age and weight data are used to obtain weight-for-age curves for Egypt. The different cycles of the survey were conducted using the same methodologies and the data collected using the same definitions.
Before developing growth charts, age data had to be grouped, with each group containing 400-500 observations to achieve precision of the empirical percentiles at the specific age groups (Kuczmarski et al., 2002) . In order to have a sufficient number of observations, EDHS 2000, EDHS 2003 and EDHS 2005 data were pooled.
Pooling the data of the three cycles could be accepted since:
• The time period of the three cycles was not too long, thus the population could not experience a natural change in its anthropometric standards
• No nutrition or health interventions that could affect the population's anthropometric standards were applied in Egypt during that period • The data of the three cycles were collected using the same definitions and methodologies
Children were grouped by age as follows:
• Infants aged 1-11 months were grouped by single month • Infants aged 12-23 months were grouped by 3-month interval • Children aged 24-59 months were grouped by 6-month interval
The 5th, 10th, 25th, 50th, 75th, 90th and 95th percentiles of each age group in Egypt and in each of the two regions were calculated to construct the growth curves.
For the curve precedence test and the curve chisquare test, the hypotheses were as follows: H 1 : The set of growth curves of Region 1 and Region 2 are not equal
RESULTS AND DISCUSSION
Power of the three tests: Distribution used for the simulation: Goodness of fit results were better in the case of the Gamma distribution than in the case of the normal distribution. Nevertheless, the powers of the tests were investigated under the normal distribution as well since this is used very frequently. Table 2 shows the parameter estimates for the normal and Gamma distributions. Simulation results under the shift in the location parameter: Table 3 shows the power of the three tests under the shift in the normal distribution location parameter, while Table 4 shows the power of the three tests under the shift in the Gamma distribution location parameter. The power estimation through Monte Carlo simulation for α = 0.05 shows the following:
• The power of the three tests increases with increasing sample sizes • The power of the three tests increases with increasing values of the shift "k" • The power reaches 1 with a shift that ranges from 0.1, in the case of n 1 = n 2 = 500, to 0.25, in the case of n 1 = n 2 = 50 • The difference in the sizes of the two samples tested against each other does not affect the power value • The power with R = 1000 shows slight differences from the power with R = 500 • The power of the curve chi-square test and the curve precedence test is higher in the case of the 10th percentile curve than in the case of the 75th percentile curve • A comparison of the power of the curve chi-square test and the curve precedence test reveals that the curve precedence test performs better than the curve chi-square test • The power differs slightly between normal distribution and Gamma distribution in the case of the 10th percentile curve. The difference is higher in the case of the 75th percentile curve, with higher power for normal distribution • The power of the curves set chi-square test is higher than the power of the curve chi-square test, especially for relatively large shifts (k≥0.1) • The power of the 10th percentile curve precedence test is higher than the power of the curves set chisquare test. In the case of relatively large sample sizes, (n 1 = 100, n 2 = 80), (n 1 = n 2 = 100), (n 1 = n 2 = 500), under the normal distribution, the power of the 75th percentile curve precedence test is also higher than the power of the curves set chi-square test Simulation results under the shift in the scale parameter: Table 5 shows the power of the three tests under the shift in the normal distribution scale parameter, while Table 6 shows the power of the three tests under the shift in the Gamma distribution scale parameter. The estimation of the power through Monte Carlo simulation for α = 0.05 shows the following:
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• The power of the three tests increases with increasing sample sizes • The power of the three tests increases with increasing values of the shift "k" • In the case of the normal distribution, the three tests are less sensitive to shifts in the scale parameter than shifts in the location parameter. High power values require higher shift values than in the case of both the normal distribution location parameter and the Gamma distribution scale parameter. Thus, under the normal distribution, the tests are more powerful in the case of the shift in location parameter than the shift in scale parameter • The power with R = 1000 shows slight differences from the power with R = 500 • Under the normal distribution, the curve chi-square test is more powerful in testing the 10th percentile curve than in testing the 75th percentile curve, while the curve precedence test is less powerful in testing the 10th percentile curve than in testing the 75th percentile curve
• Under the Gamma distribution, the power of the curve chi-square test is higher in the case of the 10th percentile curve than in the case of the 75th percentile curve. Although the power of the curve precedence test is higher in the case of the 10th percentile curve than in the case of the 75th percentile curve for low values of "k", it is higher in the case of the 75th percentile curve than in the case of the 10th percentile curve for higher values of "k" • A comparison of the power of the curve precedence test and the curve chi-square test reveals that under the normal distribution the curve precedence test is more powerful than the curve chi-square test in the case of the 75th percentile, while it is less powerful than the curve chi-square test in the case of the 10th percentile curve. Under the Gamma distribution, on the other hand, the curve precedence test is more powerful than the curve chi-square test in testing both the 10 th percentile and the 75th percentile curve
Testing the equality of weight-for-age growth curves of Egyptian regions: The percentile growth curves of the two Egyptian regions, namely Region 1: Urban Governorates and Lower Egypt and Region 2: Upper Egypt and Frontier Governorates, are presented in Fig. 2 . The 5th, 10th, 25th, 50th, 75th, 90th and 95th percentile curves for Egypt and the two regions are presented in Fig. 3 -9. Testing the equality of the weight-for-age growth curves using the curve precedence test: Table 7-14 show the results of the curve precedence test used to test the equality of each pair of growth curves for Region 1 and 2.
The critical values of the χ 2 distribution with (α = 0.05) and number of groups (L = 21) are: Comparing the calculated test statistics and χ 2 tabulated values, we reject the hypothesis that each pair of percentile curves are equal (Table 14) . Testing the equality of the weight-for-age growth curves using the curve chi-square test: Table 15 presents the results of the tests of the equality of the weight-for-age growth curves using the curve chisquare test. Comparing the calculated test statistics and χ 2 tabulated values, we reject the hypothesis that each pair of percentile curves is equal except for the 95th percentile curves. Testing the equality of the two sets of weight-forage growth curves using the curves set chi-square test: Table 16 shows the results of the curves set chisquare test. V has chi-square with 147° of freedom χ 2 (0.05, 147) = 176.29. Comparing the calculated test statistic and χ 2 tabulated value, we reject the hypothesis that the two sets of curves are equal. 
CONCLUSION
The powers of the tests were estimated in the case of symmetric distributions applied to the normal distribution and in the case of skewed distribution applied to the Gamma distribution. The curve precedence test was more powerful than the curve chisquare test in testing the equality of growth curves under the shift in the location parameter of both the normal distribution and the gamma distribution. It was also more powerful than the curve chi-square test in testing the equality of growth curves under the shift in the scale parameter of the gamma distribution and in testing equality of growth curves with high ranks under the shift in the scale parameter of the normal distribution. Table 17 shows the preferred test in selected cases. Applying the new tests to the weight-for-age growth curves of the two Egyptian regions showed that the regions have different growth curves and hence different nutritional status.
